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EVALUATION OF INTERFERENCE SUPPRESSION OF FLUORESCENT LAMPS

Y-F006-09-202

Type C Final Report

by

D. B. Clark

OBJECT OF TASK

To develop, or obtain commercially, fluorescent light fixtures that will suppress
the inherent electromagniefc interference to levels below Navy specifications limits.

ABSTRACT

The evaluation of the interference characteristics of commercial fluorescent
fixtures advertised as "interference-free," including both hot-cathode and cold-
cathode lamps, demonstrates that those fixtures which are completely enclosed
electrically ore free of interference. A hot-cathode instant-start fixture, with
conducting-glass door panel, interchangeable with an aluminum honeycomb door
panel covering a one-piece metal fixture proved to be greater than 6 decibels below
the specification limits shown in BuShips MIL-1-16910(A). The cold-cathode lamps
tested failed to meet specification limits.

An enclosed fixture which failed to pass specification tests was modified by
electrically bonding at all junctures at approximately 2-inch intervals, including
the 2-inch by 2-inch by 1-3/8-inch-deep grill. By this means interference was
reduced to an acceptable level.

Light emission from the interference-free commercial fixture was measured,
and the conducting-gloss panel and the honeycomb aluminum panel caused a loss of
approximately 10 percent. Replacement of the nonconducting panel-closure gaskets
provided by the manufacturer with this fixture, with radio-frequency-suppressing
gasket stripping, resulted in an average reduction of 7 decibels in the magnetic
Induction Field as measured with the loop antenna and the AN/URM-6 Receiver.
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* BACKGROUND

The fluorescent lamp has been a known source of radio Interference for some
time. The development of successful suppression of this interference has followed
essentially two lines of approach, shielding and filtering. To suppress interference
to levels below those required by military speciflicationt has required the use of both
filtering and shielding.

Reactive filter comnpOnents1 in the form of capacitors and inductors, have been
used for some time in suppressing radio interference from fluorescent lamps. The
simplest of these, although not the most convenient for tube life and filter installation,
Is a capacltor placed directly parallel to the lamp bulb. Capacitance values of
approximately .05 mlcrofarads are used for this purpose. Another common practice
Is to use a 3-section delta-connected capacitor across the line and to ground in the
fixture. For more effective control, an inductive-capacitive line filter is used in
each supply lead.

The shielding approach has progressed to the point where the fluorescent fixture
Is an Integral-bonded metal shield, totally enclosing the lamps, with the light
emerging through a panel with a transparent conductive coating on glass, or a honey-
comb or cellular construction of metal such as aluminum.

This evolution of more and more shielding and filtering seems reasonable when
we consider the actual nature of the noise source. 1 The fluorescent lamp is basically
a mercury gaseous-discharge column which is reignited and extinguished 120 times
per second In its operations from 60-cycle alternating current. The main sources of

I the electrical not, j are at the ends of this column where the current enters or leaves
by means of the cathode and anode In a concentrated arc or plasma. At these points,
the high electrical field gradients are building up and collapsing, and ion plasmas
are oscillating to produce radio frequency energies which can be disseminated by the
following mechanisms:

1 . Direct radiation from the source.

2. RadIation using the electrical-supply wiring and fixture as an antenna.



3. Conducted Interference through the service lines.

4. Induced fields due to capacitive or magnetic coupling from the fixture
and its associated wiring and grounding.

The development of the cold-cathode fluorescent lamp, which has no heated
filament, was expected to reduce the noise-generating sources in the fluorescent
lamp. This lamp is inherently less noisy than the hot-cathode lamps, but successive
evaluations of this type of fluorescent lamp, at this Laboratory 2 and others, 3 have
shown that without effective filtering and shielding cold-cathode lamps fail to meet
military Interference requirements. Its failure Is blamed by some on asymmetries in
its cathode construction and on early gas minq as a result of reduction or flaking off
of the emitter material provided or, the cathodes.

Recent attempts by the author to reduce the inherent nolse-produclng charac-
teristics of the hot-cathode fluorescent lamp by means of filament designs which will
spread the cathode arc and reduce the ion density at this point have shown some
success.

INTRODUCTION

Measurements of conducted and radiated Interference from the four fluorescent
fixtures tested (Figures 1 through 5) were made according to MIL-1-16910(A) (BuShips)
specifications. The frequency range was from 14 kilocycles to 1,0UO megacycles. 4

Conducted and radiated intensities were measured at a distributed number of frequency
points, as indicated in the accompanying graphs. In addition, the full spectrum from
14 kc to 1,000 mc was monitored for any significant Intensities at other frequency
points. When identifiable sources, such as broadcast stations, were encountered,
they were not included.

The Interference meters use-J, and their corresponding frequency ranges, are
shown in Table I.

Table I. Interference Meters Used

Frequency In Megacycles Interference Meter

.014 to .150 AN/URM-6
.150 to 20 AN/PRM-1
20 to 400 AN/URM-7

400 to 1t000 AN/URM-17
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DESCRIPTION OF FIXTURE A

The first fixture, A, was a 48-inch, four-lamp hot-cathode fluorescent fixture
made up at the Laboratory from a commercial unit which had previously housed cold-

S. cathode lamps and had failed to meet military specification limits for interference
(Figure 1). The fixture housing was modified by electrical bonding of all joints and
closures, and an inductive-capacitive line filter was installed in the supply leads

* 'inside the fixture. The modifications were made in order to verify the principle of
total electrical enclosure. Measurements of both the conducted and the electrical
field component of the radiated interference were made according to specifications. 4

The radiated measurements were made in a screen room with the rod and dipole
antennas placed 3 feet from the fluoreteint fixture. Measurements were made with
the 2-inch-square by 1-3/8-InchJeep orill removed, dihd then with t'he grill bonded
in place.

Special 5-Inch-long copppr sleeves, with diameters equal to the outer diameter
of the lamp, were placed over the ends of each lamp tube and grounded to the fixture
by phosphor-bronze clamps. These were used in an attempt to prevent the noise
generated at the ends of the tubes from emerging from the shield through a "wave-
guide below cut-off" effect. Measurements of radiated interference were then made,
with the grill bonded in place, and compared to measurements made without the
special sleeves. The effect of the grill on the direct light output of the fixture was
measured.

RESULTS WITH FIXTURE A

Measurements of conducted interference are shown in Figure 6 in comparison
to the specification limit line. In addition, the receiver and external ambient noise
level Is recorded with the fluorescent light turned off at each frequency point of
measurement. No measurable interference, above the ambient of the receiver, was
encountered.

The measurements of radiuted Interference are shown In Figure 7 In comparison
with the specification limit line and the ambient noise level with the grill bonded in
place, and removed.

The effect of the copper sleeves on the radiated Interference level of fixture A,
In the frequency range 20 to 140 kc, is shown in Table II, to give an average of

5.25 db of Increased attenuation over that provided by the fixture. Noise levels
from the fixture at the higher frequencies were insufficiently greater than the receiver
noise level and ambient background to assess the effect of the copper sleeves In this
region. No measurable reduction In light output due to the grill was observed
(Table III).
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Table II. Effect of 5-Inch Copper Sleeves on Each End of the
Fluorescent Tubes in Fixture A - Grill in Place

Reading Without Reading With Attenuation
Frequency 5-Inch Shields 5-Inch Shields Due to Shields

(mc) (v/m/kc) (,iv/m/kc) (db)

.02 28.5 1y 3.5

.025 70 2U.5 10.7

.U5 17 11 3.8

.06 10. 5 5.2 6.1

.U8 6.6 6 .8

.10 4.6 2.15 6.6

avg. 5.25

Table Ill. Light Transmission of Fixtures

Fixture Light Intensity Transmission

(foot candles) (percent)

B, no grill 148 100

B, glass grill 133 90

B, honeycomb aluminum grill 135 91

A, no grill 180 100

A, with 2 sq. Inch by 1-3/8- 180 100
Inch-deep grill
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CONCLUSIONS ON FIXTURE A

1. A fluorescent fixture with integral electrical bonding and with a line filter
Inserted, can contain and attenuate the interference from hot-cathode fluorescent
lamps to meet specification limits.

2. Conducting sleeves placed over the ends of fluorescent lamp tubes and
grounded to the fixture can cause a reduction in interference by a factor of about 2
(6 db) in the region of highest interference.

DESCRIPTION OF FIXTURE B

Fixture B was also a 48-inch hot-cathode fluorescent lamp, but with otily three
lamps. This commercial fixture also contains an inductive-capacitlve line filter
inside the unit; a radio frut-,iency shield encloses the fluorescent lamps, ballast,
and associated wiring. Included with this fixture are two Interchangeable door
panels. One Is a conductive coated glass (Figure 2), and the other is a honeycomb
aluminum foil panel (Figure 3). The radiated electrical field component and the
conducted interference were measured according to specifications, 4 in a screen
room. The lamps were extinguished after each measurement of interference for a
reading of the ambient Interference. Radiated measurements were made with the
rod and dipole antennas at 3 feet from the fixture, with the fixture doors in place,
and with doors removed.

The door panels as received from the manufacturer, had a nonconducting

asbestos gasket forming the panel-door closures. This was replaced by a radio-
frequency-attenuating, conductive gasket material, and its effect on the interference
measurements was recorded. Paint was removed and a conductive coating was
applied to the fixture on the edges which met with the door panels. See Figure 3.

Measurement of the magnetic field component was made by using loop antennas,
with the AN/URM-6 and AN/PRM-1 interference meters. This loop measurement
was mode at 3 fec. and at 4 feet from the fixture to determine the relationship of
the readings to distance from the source. The effects of the honeycomb aluminum
and glass panels on the direct-light output of the fixture was measured.

RESULTS WITH FIXTURE B

Measurements of conducted Interference are shown, in Figure 8 and 9, in
comparison to a line 6 db below the specification limit line and to the ambient
noise level. No measurable component of interference was found.
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The measurements of radiated interference which exceed the ambient noise,
shown In Figure 10 and 11, are more than 6 db less than the level of the specification
limit line, for the two types of door panels in place. No measurable interference
was found with either door panel in place, but considerable noise was evident with
the panels removed as shown in Figure 12.

Magnetic Interference measurements made with the loop pickups were not
presented as radiated interference, but presumed to represent induction field com-
ponents. The absence of corresponding measurable electrical field components and
a greater than 1/D2 decrease of the magnetic component measured with the distance
D as shown in Table IV are the indications which point to a near field Induction
component for the measurements made wits. the loop. Ambient and receiver noises
exceeded measurable magnetic fielN components for all loop measurements other
than those made with the AN'/URM-6.

The addition of the R[ gasket material to the glass and aluminum panels of
fixture B reduced the magnetic field me-ýasurements made with the AN/URM-6 by
an average of approximately 7 db (see Table V). Since the electric field from
fixture B, as delivered by the manufacturer, was too low to measure throughout the
entire frequency range of 14 kc to 1,000 mc, no comparison could be made with
the RF gaskets added.

Light Intensities were measured, directly below the fixtures, with a Weston
Illumination meter, Model 756, at a vertical distance of 3 feet. These intensities
are shown in Table III, for the two fixtures A and B, with the grills In place, and
with grills removed.

CONCLUSIONS ON FIXTURE b

1. A hot-cathode fluorescent lamp flxtu.e is commercially available which
will reduce Interference levels more than 6 db lower than limits expressed In military
specifications. 4

2. The magnetic field component of the induction near field of the fixture
can be reduced by about half (6 db) by the substitution of RF gasket material for
the nonconducting gasket supplied by the manufacturer.

3. Light Illumination from this fixture Is reduced by about 10 percent by
either the glass or honeycomb aluminum door panels.

6



Table IV. Magnetic Field Loop Measurements Taken at 3-Foot
and 4-Foot Distances From the Fluorescent Fixture

Frequency 14 13 Exponent of
(mc) (U v) (Ov) 14 Distance

.02 2,OU 4,200 2.1

.025 1,800 3,750 2.08

.03 I1 IOU 2,750 2.5
.U5 7U0 1,400 2.0

avg. 2.17 D2 .7

Table V. Effect of RF Door Panel Gasket on Indirated Magnetic Field
Measurements of Fixture B, Using the AN/URM-6 Receiver
with Loop

Indicated Reading in uY Attenuation Due

Panel Frequency to RF Gasket
(mc) without with RF (db)

RF gasket gasket

Cond. Glass .02 8.8 3.16 8.9
S" .025 8.4 4.02 6.4

"" .03 9.6 2.48 11.7
"o .05 4.6 2.37 5.8

"" .06 2.86 1.35 6.5

avg 7.86

Honeycomb .
Aluminum .02 6.55 4.15 4.0

"".025 7.25 2.74 8.4
" .03 5.66 2.64 6.6

".05 3.0 2.32 2.3
.06 2.8 1.26 6.9

avg 5.64
grandavg 6.75
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DESCRIPTION OF FIXTURES C AND D

Fixture C was a commercial cold-cathode, 24-inch, two-light, fluorescent
desk lamp, Figure 4. Fixture D was a large 8-foot, four-lamp, industrial explosion-
proof cold-cathode unit, Figure 5. Both of these units were advertised by the
manufacturer as interference-free fixtures Measurements of radiated and conducted
interference were made In accordance with the requirements of specifications. 4 The
radiated measurements were made in a screen room with the rod and dipole antennas
placed 3 feet from the fixture.

RESULTS WITH FIXTURES C AND D

Measurements of condot-ted interference are shown in Figure 13 and 14, and
compared to the specificrtion limit line and the ambient nolse level. Conducted
Interference levels of both •'Ixtures C and D were below those required In the
military specifications.

Measurements of radiated interference for C and D are shown in Figures 15
and 16. The radiated interference from both fixtures exceeds specification limits
over most of the frequency range of measurement.

CONCLUSIONS ON FIXTURES C AND D

I. Fixture C and D, cold-cathode fluorescent lamps, do not meet the
specification requirements for radiated interference.

2. Fixture C and D do meet the specification requirements for conducted
Interference. In actual application, this latter property might allow the usefulness
of these fixtures in a sensitive laboratory if the fixture itself is not in close proximity
to any sensitive equipment.

RECOMMENDATIONS

For applications of fluorescent lamps, where it is desirable to meet military
specifications for radiated and conducted interference, it is recommended that lamp
fixtures be chosen which demonstrate a combination of total electrical enclosure
and Internal filtering, as for fixtures A and B, In addition to manufacturer's claims
of "freedom from Interference."

Future efforts in the development of Interference suppression for fluorescent
lamps should be aimed towards reduction of the sources in the lamp tubes themselves.
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Figure 1. Fixture A, electrically bonded.

Figure 2. Fixture B, with conducting glass door panel.
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Figure 3. Fixture. B, w~th honeycOmb aluminum door panel andand RF goskef.
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Figure 3. Fixture B, with honeycomb aluminum door panel arndI
and RF gasket.

Figure 4. Fixture C, cold cathode desk lamp.
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Figure 7. Fixture A, broadband radiated interference (peak).
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